Retinal ganglion cells projecting to the monkey lateral geniculate nucleus fall into two classes: those projecting to the magnocellular layers of the nucleus (M cells) have a higher contrast gain to luminance patterns at photopic levels of retinal illumination than those projecting to the parvocellular layers'(P cells). We report here that this difference in luminance contrast gain between M and P cells is maintained at low levels of mean retinal illumination. In fact, our results suggest that in the mesopic and scotopic ranges of mean illumination, the M-cell/magnocellular pathway is the
Human psychophysical research has demonstrated that two characteristics of a visual scene influence the visibility and brightness ofan object: (i)'the background or mean luminance level in the scene and (ii) the relative variation in luminance created by reflection from the object. This latter characteristic is the luminance contrast ofthe object with respect to its background. Extensive work on the visual system of the cat has shown that the dependence of retinal response on contrast is a consequence ofgain controls that act on a retinal npuron's receptive-field center mechanism (1-6). These gain qc~ntrols, set by the mean level of illumination falling on the retina, produce light adaptation. Because light adaptation regulates contrast gain (the slope of the response vs. contrast function) (11) and because high contrast gain distinguishes M cells [which project to the magnocellular layers of the lateral geniculate nucleus (LGN)] from P cells (which project to the parvocellular layers of the LGN) (7-10), we (12) . Our measure of neural response to luminance contrast was the amplitude of the best-fitting sinusoid to the averaged nerve impulse rate at the temporal stimulus modulation frequency of the drifting grating-i.e., the fundamental Fourier component of the neural response. The averaging was performed over 64 cycles of response. Receptive-field positions were mapped on a tangent board with a hand-held ophthalmoscope. Eccentricity was measured by using the back-projected optic disk and fovea as landmarks.
Abbreviations: td, photopic troland; LGN, lateral geniculate nucleus.
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RESULTS
Mean Luminance and Response to Contrast. The dependence of response on contrast at various mean retinal illuminations was measured for 9 M cells and 26 P cells. Fig.  1 illustrates a set of such measurements, over 4 logarithmic units of mean retinal illumination for one M cell (Fig. 1A ) and over 3 logarithmic units for one P cell (Fig. 1B) . Mean retinal illumination is given here in units of photopic trolands. One photopic troland (td) is the retinal illumination generated by viewing a photopic luminance of 1 cd/M2 through a pupil with an area of 1 mm2. Due to the shorter posterior nodal distance in the macaque eye, 1 td in the monkey is equivalent to -1.4 human td (13 Given the spectral distribution of the P4 phosphor used in many of the experiments, 1 td in the monkey is equivalent to -3 human scotopic trolands (14) . Retinal For the sake of clarity, lines connecting the data from individual ganglion cells were omitted. The M cells were studied with drifting sine gratings ranging in spatial frequency from 0.6 to 1.6 cycles per degree. The spatial frequency most represented in the M-cell data (the weighted average) is 1.1 cycles per degree. The P cells were studied with sine gratings with spatial frequencies between 0.6 and 8 cycles per degree. P-cell data collected with spatial frequencies >1.6 cycles per degree (n = 11) were included in this plot because no obvious systematic difference was found between these data and lower spatial frequency P-cell data (n = 19). The typical spatial frequency for the P-cell data is 2.2 cycles per degree. The dashed line drawn through the gain axis at 0.05 impulse per second per contrast indicates the contrast-gain value measured from response vs. contrast functions in the noise. particular light level, no further measurements at lower levels were made. All of the ganglion cells were located between 1 and 13 degrees from the fovea. The average eccentricity of receptive-field position for the M cells was 7.6 ± 2.4 degrees (mean ± SD, n = 10), whereas that for the P cells was 5.6 ± 2.9 degrees (n = 27). Three P cells werejudged to be within 13 degrees of the fovea by their positions with respect to receptive fields of cells that were isolated in the same electrode track from the same eye and mapped on the tangent board. Fig. 2 shows that M cells, in general, had higher contrast gains than P cells at all levels of retinal illumination. Furthermore, the contrast gain of M cells could be measured at lower mean retinal illuminations than was possible for P cells. No P-cell responses were seen below 0.43 td with the stimuli used in this study. (1988) the larger receptive fields of M cells, as indicated by the following argument. Contrast gain is the product of the gain (impulses per quantum) of the receptive-field center mechanism and the average luminous flux (quanta per second) effectively absorbed in the center (11) . Flux is the product of the retinal illumination and the area of the center mechanism of the receptive field. Receptive-field studies of the LGN (22) and retina of macaques (9, 23) suggest that M cells have larger receptive-field centers than P cells. Therefore, M and P cells might differ in contrast gain at the same photopic levels as a consequence of their different receptive-field sizes alone. However, the extent to which the gain of the center mechanism of M cells differs from that of P cells has yet to be determined.
The results of the work presented here suggest a method for segregating the contributions of the M-cell/magnocellular stream from those of the P-cell/parvocellular pathway to single unit responses in the monkey's visual cortex and to human visual evoked potentials: employ stimuli with low luminance contrasts (<64%) and spatial frequencies >0.6 cycle per degree on backgrounds in the low mesopic or scotopic range. Under these conditions, the retinogeniculate projection to the visual cortex should be biased in favor of the M-cell/magnocellular stream.
